Abstract
Hydrogen peroxide enhances the reactivity of ozone in aqueous solution; however, the exact reasons are not clear. If H 2 O 2 enhances free radical production, as it is generally believed, then a chain mechanism propagated by (⋅OH/⋅O 2 − ) species should account for O 3 
Introduction
Ozone is a powerful but selective oxidant, 1 and an efficient but transient bactericide. 2, 3 Raising concerns about the toxic and mutagenic by-products of water chlorination, and the implementation of more stringent regulations, have renewed interest in the use of O 3 , alone or in conjunction with H 2 O 2 . [4] [5] [6] [7] Hydrogen peroxide enhances and extends the apparent reactivity of ozone, 3, 8, 9 which is generally sluggish and essentially inert toward saturated organic species despite favorable energetics. 1 This paper addresses the mechanism of such enhancement. [10] [11] [12] [13] [14] The chemistry of aqueous O 3 has been investigated for over 85 years. [15] [16] [17] intermediates in these systems apparently validates the spirit, 22 although not the letter, of the free radical mechanism originally proposed by Weiss. 18, [23] [24] [25] [26] The present view is that a common free radical mechanism may account for the decomposition of aqueous O 3 under all conditions. Recent tests indicate, however, that the currently accepted free radical scheme (See Table 1 ) fails to reproduce experimental rates in neutral and acid solutions. 23, 27, 28 This apparent mechanistic deficiency has been explained in terms of the apparent inability of the various homogeneous radical termination reactions to limit the length of the free radical chains propagated by ⋅OH/⋅O 2 -radicals. 23, 27, [29] [30] [31] Discrepancies between experimental rates and those predicted by radical chain mechanism have been variously ascribed to unspecified DOC (dissolved organic carbon) levels, 27 to spurious radical scavengers, either in the water or the reagents, or to wall reactions. 20, 23, 31, [59] [60] [61] Unidentified impurities could alternatively accelerate or retard reaction rates. Walls were to provide for additional radical termination channels. We checked these claims by using water purified in two successive stages, and by substantially modifying the surface-to-volume ratio, S/V, in our experiments. Milli-Q water, which is produced by ion exchange and filtration followed by UV mineralization, decomposition rates in the unpacked 605 mL, S/V = 0.66 cm -1 reactor, in the same reactor packed with glass wool up to S/V = 2.06 cm -1 , or in the 3 mL, S/V = 4.5 cm -1 cuvette.
Model calculations
We simulated our experimental O 3 decay profiles by numerical integration of mechanisms based on the elementary reactions assembled in Table 1 (Fig. 1, dashed 
Isotope Effects
We found that solvent deuteration leads to a small deuterium kinetic isotope effect, KIE, in pure water: ) reaction. 68 The reported errors reflect the experimental dispersion, but do not incorporate the uncertainties of the ancillary pK a data.
A rough estimate of the KIE: 
Thermochemical considerations
It is possible to establish that the proposed reaction 2a is exothermic by reference to ab initio thermochemistry for the following reaction in the gas phase: 
Conclusions:
The magnitude of the deuterium kinetic isotope effect (KIE) for the reaction 
